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Abstract : This study investigated the performance of an electrically heated catalyst(EHC) system composed of an
electrically heated three-way catalyst(EH TWC) and a catalyzed gasoline particulate filter(EH-cGPF) in a mid-size hybrid
vehicle under real driving conditions. The EHC was designed to enable rapid catalyst activation during cold start by applying
a 1.5 kW electric heater for 40 seconds before and 20 seconds after engine start. Experiments were conducted using a chassis
dynamometer under the Worldwide Harmonized Light Vehicles Test Cycle(WLTC) and the Urban Dynamometer Driving
Schedule(UDDS) to evaluate emissions characteristics. In the WLTC, the EHC system achieved 200 °C in approximately 12
seconds—38 seconds faster than the non-heated case—resulting in a 37.5 % reduction in CO and a 17.4 % reduction in THC
emissions during the first 200 seconds. Under the UDDS cycle, the EHC-equipped vehicle demonstrated CO emissions of
0.074 g/km, significantly below the U.S. Tier 3 limit of 0.621 g/km, while NMOG+NOx slightly exceeded the standard.
These results confirm that the direct-heating EHC system significantly improves cold-start emission control and demonstrates
compliance with both Euro 7 and U.S. Tier 3 regulations when applied to hybrid vehicles.

Key words : Electrically heated catalyst( 717} 2] Zwl), Three-way catalyst(3Zml), WLTP(A| Al Z3} &
UDDS(XA 538 A}o] &), Heat transfer(2 A &), Gasoline hybrid vehicle(7}< # dlo] H.2| = 2}5F)

Nomenclature EHC : electrically heated catalyst
TWC : three-way catalyst FOSMC : forward sliding mode control
THC : total hydrocarbon STC : super twisting control
NOx : nitric oxides c¢GPF : catalyzed gasoline particulate filter
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EH-cGPF : electrically heated cGPF

WLTP  : worldwide harmonized light vehicles test
protocol

EH-TWC : electrically heated three-way catalyst

UDDS  :urban dynamometer driving schedule

PGM : platinum group metals
CVS : constant volume sampler
NMHC : non-methane hydrocarbon

NMOG

ECU : engine control unit

: non-methane organic gas

1. 2
A|&AQ 87 Al Adshel A7 5 et o
o} A Af v &7 A3 7)o S g o] AR AL Sl
53] 7hEY S Als A5 W 20l A vkl @
A=) jEH T, o] = A wiE=e] 4d F-iEs At
A ghehh o] efgh §/d2 4Hl Zvll(Three-Way Catalyst,
TWC)YZF 474 &% o]alo M7t &Alslx o] CO, THC

(Total Hydrocarbon), NOx(Nitric Oxides) 5 <] 74| =2
aA o2 Agkel ¢ ol7] wiitolth oo whet A5 ]
5 FuE &8 dAstE F s 7= el &
3k, 1 F U E M 7] 7292 Zvfj(Electrically Heated
Catalyst, EHC)7} =531 QITh EHCE A5 A3 A
718 E1 & o] &3l Full & w2 A 7Aoo 2 A v E7F
S I B 17] 4 38tE 7oA gt

speluels e An BEA AT 459l

A& FA 0 2053 gl ok, AAle] A2 A H 3 A
B B0 Q18] Ful 227k Aeke 7] 4, o]
o whel W A9 W7k 2 o] wAste] 2R lE
o] F7h & gtk ol el @ £ A A= A w7
Rozt Fule] SRS AR FA5] o,
WHE A9l Al Al BHCE &0 ©5 54 2 A7t e 5
o FAY AzYe] BYRE ASH O AT F 9
o} mebA] sholmel = Ahel M Tk EHC A 28] 4
Ash e A2 57, 19 AFQ 276 M0 F3t 4

2317} 4 2 s},
EHCOl T3k A A 2] 21 17+ 19903 o) FWHLE] 213
Hom, Pfalzgraf 2L EFufl, A FEAA|, Ao 7] 2

—zrffﬂ ]/‘1 HCHHEE 17] 12037+ °F 75 % A 7H3h5
QEadeh, ol F vhkat 4 FE ) T 220 o
$h= A9} Alo] Aol A E gl o, 53] sfo] vy
=

310 E=ASASEE =232 A34A H3Z, 2026

28N - 248 - wEE - UME

SR dd s Fd

© 2 1A15}9] 31, Mianzarasvand 5
& o] F 2ol g3 Ak 7l 274 co wE o] F
EH 500 mg77}7<] s 183 2 Cane 592 F

o2 A1 ol Hekg 4 galel o
Wl E& 27] 6023 2 o) 92 %714 A7Het%l 2., Yan &
N 48V v & Sfo] B g = A}l A EHCZ} THC, CO,
NOx, PN W &S 22} 2t 44 %, 11 %, 32 %, 72 %7FA] A
7eke 28 o 2 =319

EHC®) Al F4S 98 Aue e A7) 2
jolul, olol gk Ao} M2k ATE AL 9]
Landarouche®} Bakhti® sF=9o] QIt] F3Z(HIL)E L
] $F 1143l EHC 2 2-S A A 8tal, FOSMC(Forward
Sliding Mode Control)$} STC(Super Twisting Control) S 24
B3l Sl A st Al GE5 3 Ao MAA S A S
akolth 53] STCE= 2 Alof o] A P& A8k vl
a A o] T

7] ATt i Sl ddkel] sElE v A al 7]
7hs fE5g FE A FulE vk o}b ﬂ%v 71 Rl

Gik=s 151%0] ‘%LJ—’— %_“é §1r77}7<1 /\]?_}01 iJ‘lEJE]r—E SHA 7}
Atk o] & Hekalr] 918, FH ol = Fuf - e 1
o 3HE A4 HFA7]= A% 7|9 EHC Al =5 ol tf
3k A7) S a1 ) ) Kim 522 oA Sic 7|9 &
el '”E1(CGPF)1HT°1] 7] ]‘3 =2 1—]@ G‘}%‘?}EH-cGPF

o g
=
>
o
ko
o
Jpp
=2

N
=~

(2 oqon fdlo rjr oroh J

5%, 174 % A F 0, o] = X } 1Hu 5
2 o= b

o A= Woo 5179] -2 7|9k EHCOll Wi 3
3k A Z ) (EH-TWC)E A 8-3}9], EH-cGPF
B = 3 g F2ekgint. 71E ¢GPF
= A dAIste] o] o AR §
i, o] o] H]&f 2 AF-] AHd S o

iy fo N % g

>Criémih1r}lmi"’ﬁ
of oy I o W

T E d é
o
I
[
o

2 o
B
N
[\)
()
S
P
ri
)
o
>1
2
a
:‘?é

d 128
o
a2/
o

)
3

{1

o B

2 o,

N :

=

ﬂ

o

t

=

é

ae]

H%

rE

[e]

o

_:

T

h=}

=oll X = e Hlal B 7tsko], &

o} 5 H EIPX“’ & Al S 2
A

> 1o rfo

I
ot [

o off HI HE off N fo o
o

¥ o
¥,

F\F Jo
A
mlm A; fd



CHesst Hi7| HAl 23 25 Mol 7HE2 sto|22|= 2h3ko] /7| 7tEA 20 45 48 A7

2.4 Y

shol B = g 2FH (1WA 1G,
Q_ EH}\LOi EHCQ] }H: _E_}\-].Q_
S Ho] FEo

Table 1 Vehicle specifications

Parameters Units Nominal values
Overall length mm 4,930
Overall width mm 1,865
Opverall height mm 1,470

Wheelbase mm 2,845

Curb weight kg 1,675
Tire size mm 225/55 R17
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Table 2 Powertrain specifications

Parameters Units Nominal values
Engine displacement cm? 2,359
Engine power kW 117
Electric motor power kW 38
Maximum torque kg'm 21.0
Transmission - 6 speed automatic
Batter capacity kWh 1.76
2.1.2 EHC
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Fig. 1 Schematic of the EHC structure

Fig. 3 EHC assembly before installation
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Table 3 Specifications of WLTP and UDDS drive cycles

Parameters Units WLTP UDDS
Time s 1,800 1,369
Distance km 23.27 12.07
Average speed km/h 46.5 31.5
Maximum speed km/h 1313 91.25
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Fig. 4 Engine speed, vehicle speed, CO emission during WLTP
with the EHC heater deactivated
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Fig. 5 Engine speed, vehicle speed, CO emission during WLTP
with the EHC heater activated
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Fig. 6 Engine speed, vehicle speed, CO emission during the
first 200 s in WLTP with EHC deactivated
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Fig. 7 Engine speed, vehicle speed, CO emission during the
first 200 s in WLTP with EHC activated
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Fig. 8 Engine speed, vehicle speed, THC emission during the
first 200 s in WLTP with EHC deactivated
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Fig. 9 Engine speed, vehicle speed, THC emission during the
first 200 s in WLTP with EHC activated
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Fig. 10 CO (%) emissions at the upstream of EHC with heater-
on and heater-off for the first 60 s in WLTP
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Fig. 11 CO (%) emissions at the downstream of EHC with
heater-on and heater-off for the first 60 s in WLTP

6501 = == EHCON —— EHC OFF

Exhaust Temperature [degC]

0 10 20 30 40 50 60
Time [s]

Fig. 12 Exhaust gas temperature at the upstream of EHC with
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Table 4 CO and HC emissions of the two cases in WLTP

Speci Unit EHC EHC EURO 7

pecies S heater on heater off standard
CcO g/km 0.103 0.120 0.5
THC g/km 0.028 0.025 0.1
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Fig. 14 CO, THC, Nox emissions during UDDS with the EHC
heater activated
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Fig. 15 Engine speed, vehicle speed, CO emission during the
first 200 s in WLTP with EHC activated
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Table 5 CO and HC emissions in UDDS with EHC heater

activated
Species Units | EHC heater on Tier 3 standard
Cco g/km 0.074 0.621
NMOG+Nox | g/km 0.032 0.0186
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